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SPECTRAL CHARACTERISTIC
ACQUISITION DEVICE, IMAGE FORMING
APPARATUS, AND IMAGE FORMING
APPARATUS MANAGEMENT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application 1s based on and claims priority
pursuant to 35 U.S.C. § 119(a) to Japanese Patent Applica-
tion No. 2018-123167, filed on Jun. 29, 2018, 1n the Japan
Patent Office, the entire disclosure of which 1s incorporated
by reference herein.

BACKGROUND

Technical Field

Embodiments of the present disclosure relate to a spectral
characteristic acquisition device, an 1mage forming appara-
tus, and an 1mage forming apparatus management system.

Description of the Related Art

In a full-color 1image forming apparatus (printer, copier,
etc.), such as an electrophotographic 1image forming appa-
ratus or an inkjet image forming apparatus, high image
quality 1s required for color images formed on recording
media, such as sheets, 1n recent years, and color reproduc-
ibility improvement 1s one of considerable technical 1ssues.

SUMMARY

A spectral characteristic acquisition device according to
one aspect of the present disclosure includes: a color data
acquirer comprising a plurality of spectral sensors receiving
light reflected from an object mrradiated with light and
acquiring color data of the object; circuitry configured to
estimate a spectral characteristic of the object on a basis of
the color data and calibrate the spectral characteristic cal-
culator on a basis of the color data obtained from a calibra-
tion color mark having a color mark of a known spectral
characteristic; a first conveyer configured to convey the
object 1n a predetermined conveyance direction and convey-
ing the color data acquirer in a direction intersecting the
predetermined conveyance direction; and a second conveyer
configured to convey the calibration color mark in the
predetermined conveyance direction.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A more complete appreciation of the disclosure and many
of the attendant advantages and features thereof can be
readily obtained and understood from the following detailed
description with reference to the accompanying drawings,
wherein:

FIG. 1 1s an illustration of an example configuration of a
spectral characteristic acquisition device according to a first
embodiment of the present disclosure;

FIG. 2 1s an illustration of an example configuration of a
spectral umit according to an embodiment of the present
disclosure:

FIG. 3 1s an illustration of a diffraction image and light
reception by an 1image sensor according to an embodiment of
the present disclosure;
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FIG. 4 1s a hardware block diagram of the spectral
characteristic acquisition device according to an embodi-

ment of the present disclosure;

FIG. 5 1s a functional block diagram of example compo-
nents of a controller according to the first embodiment;

FIG. 6 1s an example of an xy chromaticity distribution of
a reference sample and a color reproduction range of a toner
1mage;

FIGS. 7A to 7D (FIG. 7) are illustration of an example
spectral characteristic acquisition operation according to an
embodiment of the present disclosure;

FIG. 8 1s a flowchart of an example spectral characteristic
acquisition process according to the first embodiment;

FIG. 9 1s an example of a configuration of a calibration
color mark according to the first embodiment;

FIG. 10 1s an example arrangement of calibration accord-
ing to the first embodiment;

FIG. 11 1s an 1illustration of an example conveyance of a
calibration color mark according to the first embodiment;

FIG. 12 1s a flowchart of a calibration process according,
to the first embodiment;

FIG. 13 1s an example of a configuration of a calibration
color mark according to a second embodiment;

FIG. 14 1s an example of placement of the calibration
color mark according to the second embodiment;

FIG. 15 1s a functional block of example components of
a controller according to the second embodiment;

FIG. 16 1s a flowchart of a calibration process according,
to the second embodiment;

FIG. 17 1s an example of an arrangement of calibration
according to a third embodiment;

FIGS. 18A to 18D (FIG. 18) are illustrations of a cali-
bration operation according to the third embodiment;

FIG. 19 1s a table representing color data of each color
mark acquired by each spectral sensor according to the third
embodiment;

FIG. 20 1s a functional block diagram of example com-
ponents of a controller according to a fourth embodiment;

FIG. 21 1s a flowchart of a correction factor acquisition
process according to the fourth embodiment;

FIG. 22 1s an 1llustration of an example configuration of
an 1mage forming apparatus according to a fifth embodi-
ment,

FIG. 23 1s an example of an image forming apparatus
management system according to a sixth embodiment;

FIG. 24 1s an example of a color code according to the
sixth embodiment; and

FIG. 25 1s a tlowchart of a management process according,
to the second embodiment.

The accompanying drawings are intended to depict
embodiments of the present invention and should not be
interpreted to limit the scope thereol. The accompanying
drawings are not to be considered as drawn to scale unless
explicitly noted.

DETAILED DESCRIPTION

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the present invention. As used herein, the sin-
gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise.

In describing embodiments illustrated in the drawings,
specific terminology 1s employed for the sake of clarty.
However, the disclosure of this specification 1s not intended

to be limited to the specific terminology so selected and 1t 1s
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to be understood that each specific element includes all
technical equivalents that have a similar function, operate in
a similar manner, and achieve a similar result.

Hereinafter, an embodiment of the invention will be
described with reference to the drawings. In the drawings,
same components may be denoted by same reference sym-
bols and a redundant description may be omitted.

In the description of the embodiments, an example in
which an object whose spectral characteristic 1s to be
acquired 1s an 1mage carrying medium such as a sheet 1s
illustrated, and the object whose spectral characteristic 1s to
be acquired 1s simply referred to as a sheet. In addition, there
1s a drawing 1n which a direction 1s indicated by an arrow;
an X direction indicates a sheet width direction, a'Y direction
indicates a sheet conveyance direction, and a Z direction
indicates a direction perpendicular to an XY plane. The X
direction 1s an example of the “direction intersecting with
the predetermined conveyance direction”, and the Y direc-
tion 1s an example of the “predetermined conveyance direc-
tion”.

In the embodiment, terms such as “image forming”,
“recording”, “print”, “imaging’, and “printing” are treated
as synonymous terms.

First Embodiment

First, a first embodiment will be described with reference
to the drawings. FIG. 1 1s a diagram explaining an example
of a configuration of a spectral characteristic acquisition
device according to the present embodiment. A spectral
characteristic acquisition device 10 simultaneously acquires
a spectral characteristic of different areas 1n a Y direction of
a sheet 100 1 a color data acquisition area 21.

As 1llustrated 1n FIG. 1, the spectral characteristic acqui-
sition device 10 includes a color data acquirer 20, a sheet
conveyer 30, a color data acquirer conveyer 40, a sheet
detection sensor 41, a calibration color mark 50, and a
controller 300. In addition, the color data acquirer 20
includes a line illumination light source 60, a reduction
imaging lens 70, and a spectral unit 80.

The sheet conveyer 30 conveys the sheet 100 at a prede-
termined speed in the Y direction. The sheet conveyer 30
includes, for example, a drive roller 30q and a driven roller
30b. The drive roller 30a 1s a nip roller including two rollers.
The drniven roller 306 1s also a nip roller including two
rollers.

The two rollers included 1n the drive roller 30a can be
respectively rotated by a connected motor. As 1llustrated, the
drive roller 30a nips the sheet 100 with a mip roller, and
rotates the nip roller to convey the sheet 100 1 the Y
direction. By switching a rotation direction of the drive
roller 30a, a conveyance direction can be switched to a
positive Y direction or a negative Y direction.

The driven roller 305 nips the sheet 100 with a mip roller,
and rotates as the sheet 100 1s conveyed by the drive roller
30a. By nipping and conveying the sheet 100 with the use
of the drive roller 30a and the driven roller 3054, tension 1s
applied to the sheet 100 to be conveyed, and a surface of the
sheet 100 facing the color data acquirer 20 can be made {flat.

In addition, the drive roller 30a can nip the calibration
color mark 50 with a nip roller, and rotate the nip roller to
convey the calibration color mark 50 in the Y direction.
Details of a conveyance of the calibration color mark 50 by
the drive roller 30a will be separately described.

The color data acquirer conveyer 40 conveys the color
data acquirer 20 1n the X direction. The color data acquirer
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conveyer 40 1s, for example, a conveyance stage including
a ball screw, a guide, or the like connected to the motor.

The color data acquirer 20 1s an example of the “color data
acquirer’. The color data acquirer conveyer 40 1s an example
of the “first conveyer”. The sheet conveyer 30 1s an example
of the “third conveyer”. The drive roller 30a 1s an example
of the “second conveyer”.

The sheet 100 may be conveyed 1in the Y direction with
the use of the drive roller 30a. In addition, the calibration
color mark 50 may be conveyed 1n the Y direction with the
use of both the drive roller 30q and the driven roller 305. The
sheet 100 and the calibration color mark 50 may be con-
veyed in the Y direction with the use of a common conveyer.

The sheet detection sensor 41 detects that the sheet 100 1s
at a position of the color data acquisition area 21 and thus
detects a timing when acquisition of a spectral characteristic
1s started by the spectral characteristic acquisition device 10.
Alternatively, an end timing of spectral characteristic acqui-
sition by the spectral characteristic acquisition device 10
may be detected. In addition, two sheet detection sensors 41
may be provided at diflerent positions 1n the Y direction, and
timings of both start and end of spectral characteristic
acquisition by the spectral characteristic acquisition device
10 may be detected.

The sheet detection sensor 41 1s installed at a position
associated with the color data acquisition area 21 in the Y
direction, and includes, for example, a light source that emits
light 1 a positive Z direction and a photodiode that receives
the reflected light from the sheet 100 and outputs an elec-
trical signal according to the received light intensity.

When the sheet 100 1s 1 the positive Z direction of the
sheet detection sensor 41, the photodiode can receive the
light reflected by the sheet 100 of the light emitted from the
light source. However, when the sheet 100 1s not 1n the
positive 7 direction of the sheet detection sensor 41, the
photodiode 1s not able to receive the light reflected by the
sheet 100. Therefore, the sheet detection sensor 41 can
detect whether the sheet 100 1s at the position of the color
data acquisition area 21 on the basis of an output of the
photodiode.

The calibration color mark 50 1s used when calibrating a
conversion matrix G used to calculate a spectral character-
istic. In the calibration, the color data acquirer conveyer 40
conveys the color data acquirer 20 to a position where the
calibration color mark 50 1s placed. In addition, the drive
roller 30a conveys the calibration color mark 50 in the Y
direction, and the color data acquirer 20 acquires color data
ol the calibration color mark 50. Such calibration will be
described in detail separately.

A calibration color mark detection sensor 35 detects that
the calibration color mark 350 1s not at the position of the
color data acquisition area 21 and thus detects an end timing
of the calibration using the calibration color mark 50.
Alternatively, a timing of a start of the calibration may be
detected. In addition, two calibration color mark detection
sensors 53 may be provided at different positions 1n the Y
direction, and timings of both start and end of the calibration
may be detected.

The calibration color mark detection sensor 55 1s installed
at a position associated with the color data acquisition area
21 1 the Y direction, and includes, for example, a light
source that emits light in a positive Z direction and a
photodiode that receives the retlected light from the cali-
bration color mark 50 and outputs an electrical signal
according to the recerved light intensity.

When the calibration color mark 50 1s 1n the positive Z
direction of the calibration color mark detection sensor 55,
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the photodiode can receive the light reflected by the cali-
bration color mark 50 of the light emitted from the light
source. However, when the calibration color mark 50 1s not
in the positive Z direction of the calibration color mark
detection sensor 55, the photodiode 1s not able to receive the
light reflected by the calibration color mark 50. Therefore,
the calibration color mark detection sensor 535 can detect
whether the calibration color mark 50 1s at the position of the
color data acquisition area 21 on the basis of an output of the
photodiode.

The line illumination light source 60 1lluminates the color
data acquisition area 21 with line-shaped light from a
direction inclined by about 45 degrees with respect to a
normal direction of the sheet 100. In addition, the line
illumination light source 60 i1lluminates an appropriate area
with respect to the color data acquisition area 21 1n such a
manner that the reflected light from an area other than the
color data acquisition area 21 of the sheet 100 does not enter
the spectral unit 80.

As the line illumination light source 60, for example, a
white Light Emitting Diode (LED) array having an intensity
over a substantially entire visible light may be used. How-
ever, the configuration 1s not limited to this, and a fluores-
cent lamp such as a cold cathode tube or a lamp light source
may be used as the line 1llumination light source 60.

It 1s preferable that the line illumination light source 60
emits light 1n a wavelength range required for spectroscopy
and can uniformly illuminate throughout the color data
acquisition arca 21. A collimator lens that condenses the
light emitted from the line 1llumination light source 60 and
irradiates the sheet 100 with parallel light or convergent light
may be added.

The reduction imaging lens 70 1s disposed in such a
manner that an optical axis coincides with the normal
direction of the sheet 100, and 1includes a function to 1mage,
the reflected light from the sheet 100, that 1s, a reflected light
beam, on an incident surface of the spectral unit 80 at a
predetermined magnification. Here, by adding an image-side
telecentric characteristic to the reduction imaging lens 70, a
chuef ray of the light beam incident on an 1mage plane
becomes substantially parallel to the optical axis. The reduc-
tion 1maging lens 70 may include a plurality of lenses.

By adding the image-side telecentric characteristic to the
reduction imaging lens 70, the chief ray of the light beam
incident on the 1mage plane can be easily made substantially
parallel to the optical axis; however, it 1s unnecessary to add
the 1mage-side telecentric characteristic to the reduction
imaging lens 70. In that case, a same eflect can be obtained
by adjusting relative positions between each pinhole of a
pinhole array and each lens of a lens array that will be
described later 1n accordance with an inclination of the chief
ray at each position on the image plane.

The spectral unit 80 includes a function to separate
diffused reflection light of the light irradiated to the sheet
100 and a function to output a signal obtained by receiving
the separated light. The spectral unit 80 will be described 1n
detail with reference to FIG. 2.

An optical system illustrated in FIG. 1 1s a so-called 45/0
optical system in which 1llumination light emitted from the
line 1llumination light source 60 1s incident on the sheet 100
at an oblique angle of about 45 degrees, and the spectral unit
80 receives light diffusely reflected from the sheet 100 1n a
vertical direction. However, a configuration of the optical
system 1s not limited to the optical system 1llustrated 1n FIG.
1, and a so-called 0/45 optical system 1n which illumination
light emitted from the line i1llumination light source 60 1is
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vertically incident on the sheet 100 and the spectral unit 80
receives light diffused from the sheet 100 1 a 45 degree
direction may be used.

Next, a configuration of the spectral unit 80 will be
described with reference to FIG. 2. FIG. 2 1s a cross-
sectional view 1llustrating the spectral unit of the first
embodiment, and 1llustrates a part of a cross section parallel
to a YZ plane of the spectral unait.

In FIG. 2, the spectral unit 80 includes a pinhole array 81,
a lens array 82, a diflraction element 83, and an 1image sensor
84. The spectral unit 80 also includes a package 85, a spacer
86, a cover glass 87, and glass base materials 88a to 88c.

The pinhole array 81 includes pinholes as openings
through which retlection from the sheet 100 passes. The
pinholes are arranged at an image plane position where light
incident from the reduction imaging lens 70 forms an 1image
in the 7 direction, and are arrayed 1n the Y direction at a
predetermined interval. FIG. 2 illustrates an example in
which three piholes are arrayed 1n the Y direction.

The pinhole array 81 i1s integrally provided on a trans-
parent flat glass base material 88a that 1s as a light trans-
mitting frame. A thin metal film such as nickel 1s deposited
on a transparent glass base material, and openings corre-
sponding to the pinholes are provided in an array to form the
pinhole array 81. A light beam of reflected light from each
position of the color data acquisition area 21 of the sheet 100
1s extracted by each pinhole provided in the pinhole array
81.

In addition, the configuration 1s not limited to the pinhole
array 81, a configuration including a slit array having a
rectangular opeming, or a configuration including a diagonal
slit array for which a rectangular slit 1s inclined with respect
to the Y direction may be employed.

In the glass base material 88a, a transparent tlat glass base
material 885 that 1s as a light transmitting frame 1s bonded
to a surface opposite to the surface on which the retlected
light from the sheet 100 1s incident. In addition, 1n the glass
base material 885, lenses are provided on a surface opposite
to the bonding surface with the glass base material 88a so as
to be arrayed in the Y direction at a predetermined interval.
FIG. 2 illustrates an example in which three lenses are
arrayed 1n the Y direction to form the lens array 82. Each
lens of the lens array 82 condenses each light beam that 1s
passed through each pinhole of the pinhole array 81, and
forms an 1mage by each lens on the 1mage sensor 84.

The lens array 82 has a plurality of lenses arrayed 1n one
row 1n the Y direction, and each lens of the lens array 82
includes a function to convert each diffused beam passing
through each opening of the pinhole array 81 into a weakly
diffused light beam.

The weakly diffused light beam means a diffused light
beam more similar to a parallel light beam than an incident
diffused light beam. That 1s, the weakly diffused light beam
1s a diffused light beam whose degree of diffusion i1s smaller
than that of the incident diffused light beam, that 1s, a
weakened light beam.

Each lens included 1n the lens array 82 1s disposed at a
position corresponding to each opening included in the
pinhole array 81. Each lens has a diameter such that all light
transmitted through each opeming 1s incident. However, a
planar shape of each lens may not be circular.

In the present embodiment, the pinhole array 81 and the
lens array 82 are disposed via the glass base materials 88a
and 88b, but the configuration 1s not limited to this. Thick-
nesses ol the glass base materials 88a and 886 are deter-
mined in such a manner that an optical path length between
the pinhole array 81 and the lens array 82 1s shorter than an
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object-side focal length of each lens of the lens array 82. In
the lens array 82, in order to eliminate stray light, 1t 1s
preferable to shield a portion other than the opening of each
lens.

A transparent tlat glass base material 88¢ that 15 as a light
transmitting frame 1s provided so to face the lens array 82 in
the Z direction. The glass base material 885 and the glass
base material 88¢ are bonded via the spacer 86.

The spacer 86 1s a member for providing a predetermined
interval, 1.e., a space, between the glass base material 8856
and the glass base material 88¢, and 1s, for example, a
member 1n which a predetermined through hole 1s provided
in a flat portion of a metal flat plate. In a surface of the spacer
86 on a side facing the lens array 82, a portion not corre-
sponding to the through hole of the spacer 86 and a portion
without the lens of the glass base material 885 are 1n contact
and bonded.

In addition, 1n a surface of the spacer 86 on a side facing
the diffraction element 83, a portion not corresponding to the
through hole of the spacer 86 and an arbitrary portion of the
glass base material 88¢ are in contact and bonded. With this,
a predetermined interval, 1.e., a space can be provided
between the glass base material 886 and the glass base
material 88c¢. The through hole may be provided with a small
hole 1n which each lens of the lens array 82 can be housed,
or may be provided with a large hole in which a plurality of
lenses can be housed.

The diflraction element 83 1s provided on a surface of the
glass base material 88¢ facing the lens array 82, that 1s, a
surface on which the reflected light from the sheet 100 1s
incident. The diffraction element 83 has a sawtooth shape
with a predetermined interval formed on the glass base
material 88¢, and includes a function as a diflraction grating,
that diffracts and disperses incident light. The diffraction
clement 83 disperses each light beam transmitted through
cach lens of the lens array 82. A diffraction 1mage corre-
sponding to each light beam 1s formed on the image sensor
84.

As the diffraction element 83, 1t 1s preferable to use a
blazed diffraction grating in which diffraction efliciency of
first-order diffracted light 1s enhanced. By using a blazed
diffraction grating as the difiraction element 83, 1t 1s possible
to enhance the diflraction efliciency of just first-order dii-
fracted light, and thus 1t 1s possible to increase light utili-
zation efliciency of the optical system. With this, a signal
having suflicient quality can be obtained 1n a short time, and
a time for acquiring spectral characteristic can be shortened.

The 1image sensor 84 1s a line sensor 1n which a plurality
of pixels are arrayed 1n the Y direction. The image sensor 84
receives each diffraction image formed by the lens array 82
and the diffraction element 83 with a plurality of light
receiving elements at respective different positions, thereby
acquiring light-intensity of an incident predetermined wave-
length band. For example, a metal oxide semiconductor
device (MOS), a complementary metal oxide semiconductor
device (CMOS), a charge coupled device (CCD) or the like
can be used as the image sensor 84.

A diffraction axis of the diffraction element 83 1s inclined
at an angle a with respect to the Y direction. As 1llustrated
in FIG. 3, a diffraction 1mage inclined by an angle o with
respect to the X direction 1s incident on the image sensor 84.
FIG. 3 illustrates three diflraction patterns comprised of a
zero-order diffraction 1mage A, a+lst-order diflraction
image B, and a+2nd-order diffraction image C in the Y
direction.

Of the diffraction patterns, the 1st-order diffraction image
B 1s arranged to be received by the image sensor 84. In an
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example of FIG. 3, pixel arcas 84a, 84b, and 84c of the
image sensor 84 receive three 1st-order diffraction images
by three lens arrays and convert the images into an electrical
signal. The 1mage sensor 84 outputs the converted electrical
signal as color data acquired by the spectral unit 80.

As described above, 1n the spectral characteristic acqui-
sition device 10, a crosstalk of the diffraction image 1s
climinated, and 1t 1s possible to obtain a spectral character-
istic of the sheet 100 from the +1st-order diffraction image
B. In the following description, the +1st-order difiraction
image B may be simply referred to as a diffraction 1mage.

The 1image sensor 84 1s fixed inside the package 83, and
an opening of the package 835 i1s closed with a transparent
cover glass 87 that 1s as a light transmitting frame. The cover
glass 87 1s bonded to a surface of the glass base maternial 88¢
on which the diflraction element 83 1s not formed.

One pinhole of the pinhole array 81 and one lens of the
lens array 82 corresponding to this, a part of the difiraction
clement 83, that 1s, a light beam transmitting portion by the
lens, and a pixel array of a part of the image sensor 84 form
a function of one spectroscope. Therelore, a part having the
function of one spectroscope may be hereinatter referred to
as a spectral sensor.

While three spectral sensors are illustrated in FIGS. 2 and
3, the configuration 1s not limited to this, and a configuration
having a large number of spectral sensors may be employed.
For example, 1n a case where the 1image sensor 84 including
1024 pixels 1s used and a number of pixels 1n the above-
mentioned partial pixel array 1s 10 pixels, 102 spectral
sensors can be configured. Such spectral sensors are
arranged 1n the sheet conveyance direction (Y direction).
The spectral sensors arranged in the sheet conveyance
direction (Y direction) are an example of the “a plurality of
spectral sensors”.

In an optical system for spectroscopy included in the
spectral unit 80, relative positional deviations of the pinhole
array 81, the lens array 82 and the diffraction image formed
by the diffraction element 83 and the 1mage sensor 84 greatly
aflect acquisition accuracy of a spectral characteristic. In the
present embodiment, 1n order to suppress these positional
deviations, the pinhole array 81, the lens array 82, the
diffraction element 83, and the 1mage sensor 84 are stacked
in an optical axis direction of the reduction imaging lens 70
and bonded to be integrated.

Next, the controller 300 of the spectral characteristic
acquisition device 10 will be described with reference to
FIGS. 4 and 5. FIG. 4 1s a block diagram illustrating an
example of a hardware configuration of the controller 300
according to the present embodiment.

The controller 300 includes a main controller 300A, an
Input/Output (I/0) 305, a light source drive circuit 306, an
image sensor control circuit 307, a motor drive circuit 308,
and a Hard Disk Drive (HDD) 309.

The main controller 300A 1ncludes a central processing
umt (CPU) 301, a read only memory (ROM) 302, and a
random access memory (RAM) 303. These are electrically
connected to one another via a system bus 320.

The CPU 301 centrally controls an operation of the
spectral characteristic acquisition device 10. The CPU 301
executes a program stored 1n the ROM 302 or the like with
the RAM 303 as a work area, thereby controlling an overall
operation of the spectral characteristic acquisition device 10
to implement various functions that will be described later.
The HDD 309 stores the acquired color data and the like.

The I/0 305 1s an interface that inputs a signal detected by
the sheet detection sensor 41, or the like.
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The light source drive circuit 306 1s an electric circuit that
outputs a drive signal such as a drive voltage for causing the
line 1llumination light source 60 to emait light in accordance
with an input control signal.

The 1image sensor control circuit 307 1s an electric circuit
that outputs a drive signal such as a dnive voltage for
controlling 1imaging by the image sensor 84 1n accordance
with an 1mput control signal. The imaging data by the image
sensor 84 1s transmitted to the HDD 309 as color data
through the 1mage sensor control circuit 307 and stored.

The motor drive circuit 308 1s an electric circuit that
outputs a drive signal such as a drive voltage to each motor
included in the sheet conveyer 30 and the color data acquirer
conveyer 40 i accordance with an iput control signal.

The controller 300 implements a function to estimate and
compute the spectral characteristic of the sheet 100 with the
use of the conversion matrix G on the basis of the acquired
color data. In addition, the controller 300 also implements a
function to acquire a spectral characteristic by the spectral
characteristic acquisition device 10 and a function to cali-
brate with the use of the abovementioned hardware configu-
ration.

Apart or all of the control process performed by the CPU
301 may be carried out by an electronic circuit such as a
field-programmable gate array (FPGA) or an application
specific mtegrated circuit (ASIC).

FIG. 5 1s a diagram 1illustrating an example of components
of the controller 300 according to the present embodiment
by functional blocks. Each functional block of the controller
300 1llustrated 1n FIG. 5 1s conceptual and does not neces-
sarily have to be physically configured as illustrated. All or
part of each functional block can be configured by being
tunctionally or physically distributed/connected in an arbi-
trary unit. Each process function performed in each func-
tional block of the controller 300 may be implemented by a
program executed by the above-described CPU 301 in whole
or any part thereol, or may be implemented as wired logic
hardware.

The controller 300 includes a computation unit 110, a

storage unit 120, and a drive controller 130. The computa-
tion unit 110 1includes a color data inputter 111, a conversion
matrix calculator 112, and a spectral characteristic calculator
113. In addition, the storage umt 120 includes a reference
data storage unit 121, a color data storage unit 122, and a
conversion matrix storage unit 123. Hereinafter, a function
of respective units mncluded 1n the computation unit 110 will
be described, and a method for estimating and computing a
spectral retlectance distribution as the spectral characteristic
of the sheet 100 will be described.
In the spectral characteristic acquisition device 10, when
light 1s 1rradiated from the line 1llumination light source 60
to the sheet 100, the image sensor 84 of the spectral unit 80
that has recetved a diffraction 1mage outputs an electrical
signal according to light intensity. The color data mputter
111 of the controller 300 inputs as color data an electrical
signal output from the image sensor 84.

When color data 1s mput from the spectral unit 80, the
spectral characteristic calculator 113 uses the conversion
matrix G stored in advance 1n the conversion matrix storage
unit 123 to calculate the spectral characteristic of the sheet
100 from the color data. The spectral characteristic calcu-
lator 113 1s an example of the “spectral characteristic
calculator”.

In the present embodiment, a method will be described in
which the spectral characteristic calculator 113 estimates
and computes a spectral retlectance distribution as a spectral
characteristic from color data by one spectral sensor
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included in the spectral unit 80. The spectral characteristic 1s
not limited to the method described below and may be
obtained by a different method.

Color data vi (1=1 to N) 1s obtamned from N pixels
included in one spectral sensor of the spectral unit 80 and 1s
stored 1n a matrix V. A matrix r storing spectral reflectance
of each wavelength band (for example, 31 of 10 nm pitch at
400 to 700 nm) 1s expressed by a following formula (1) with

the use of the matrix V and the conversion matrx G.

r (1)

As indicated i following formulae (2) to (4), the con-
version matrix G 1s obtained from a matrix R storing spectral
reflectance distributions of a plurality of (n) reference
samples that are known and a matrix V storing spectral
sensor color data v obtained from the reference samples by
minimizing a squared norm ||| of an error with the use of
a least squares method.

R (2)
4 (3)

E‘ZHR—GVHE—?‘IHHI (4)

The conversion matrix G of a regression equation from V
to R with V as an explanatory variable and R as an objective
variable 1s obtained from a following formula (35), with the
use of, for example, a generalized 1inverse matrix ol Moore-
Penrose giving a least squares norm solution of the matrix V.
In the formula (5), a superscript T represents a transpose of
a matrix, and a superscript —1 represents an inverse matrix.

G=RVT(VV) (5)

In the spectral characteristic acquisition device 10, an acqui-
sition result of the spectral reflectance of the reference
sample 1s stored in advance 1n the reference data storage unit
121 of the controller 300.

The conversion matrix calculator 112 generates a matrix
V,.r on the basis of the color data obtained from the
reference sample 1n the spectral characteristic acquisition
device 10. In addition, the matrix R, -1s generated from the
spectral reflectance distribution of the reference sample
stored 1n the reference data storage unit 121. The conversion
matrix calculator 112 calculates the conversion matrix G on
the basis of the formula (5) from the matrices V, .and R, -
generated 1n this manner.

The conversion matrix G calculated by the conversion
matrix calculator 112 1s stored in the conversion matrix
storage unit 123. In addition, the matrix V.ot the color data
obtained from the reference sample in the spectral charac-
teristic acquisition device 10 1s stored in the color data
storage unit 122 of the controller 300.

When estimating the spectral characteristic of the sheet
100, the spectral characteristic calculator 113 first generates
a matrix V,_, from the color data of the sheet 100, and
acquires the converswn matrix G stored in the conversion
matrix storage unit 123. The spectral characteristic calcula-
tor 113 can estimate the spectral characteristic R, of the
sheet 100 on the basis of the formula (2) with the use of the
matrix V, , and the conversion matrix G.

In the abovementloned estimation computation, 1t 1s prei-
erable that a plurality of reference samples used to calculate
the conversion matrix G be selected from a color range
(gamut) that can be reproduced by a print image in, for
example, a color space such as an XYZ color system or
L*a*b* color system. By using the conversion matrix G

calculated on the basis of such reference samples, for
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example, 1t 1s possible to estimate a spectral characteristic of
an 1mage of the sheet 100 with high accuracy.

However, the reference samples require much time and
cost for preparation, maintenance and measurement. There-
fore, 1t 1s preferable that the conversion matrix G be obtained
on the basis of a small number of reference samples within
a range 1 which estimation accuracy of a spectral charac-
teristic can be maintained.

As an example of the reference samples, it 1s possible to
use toner 1mages of 27 colors which are uniformly selected
from a color reproducible range of an electrophotographic
image forming apparatus. FIG. 6 illustrates an xy chroma-
ticity of each of the 27 color reference samples. Each point
indicates the xy chromaticity of the reference samples, and
a solid line indicates a color reproduction range of a toner
image. FIG. 6 illustrates that the reference samples are
uniformly selected from the color reproduction range of the
toner 1mage.

In the spectral characteristic acquisition device 10, the
conversion matrix G calculated by the conversion matrix
calculator 112 1s stored 1n advance in the conversion matrix
storage unit 123 with the use of such reference samples.

Referring back to FI1G. 5, the drive controller 130 includes
a light source driver 131, an 1mage sensor controller 132, a
motor driver 133, a sheet detector 134, and a calibration
color mark regulator 135.

The light source driver 131 1s implemented by the light
source drive circuit 306 or the like, and drives the line
illumination light source 60. The image sensor controller
132 i1s implemented by the image sensor control circuit 307
or the like, and controls imaging by the image sensor 84 of
the spectral unit 80. The motor driver 133 1s implemented by
the motor drive circuit 308 or the like, and drives each motor
provided 1n the sheet conveyer 30 and the color data acquirer
conveyance means 40.

The sheet detector 134 detects that the sheet 100 15 at a
position of the color data acquisition area 21 and thus detects
a timing when acquisition of a spectral characteristic 1s
started by the spectral characteristic acquisition device 10, or
the like. The sheet detector 134 1s achieved by, for example,
the sheet detection sensor 41 or the like.

A calibration color mark regulator 135 detects that the
calibration color mark 50 1s not at the position of the color
data acquisition area 21 and thus detects an end timing or the
like of the calibration using the calibration color mark 50.
The calibration color mark regulator 135 1s implemented by,
for example, the calibration color mark detection sensor 535
or the like.

When detecting that the calibration color mark 50 1s not
at the position of the color data acquisition area 21, the
calibration color mark regulator 1335 stops the calibration
color mark 50 conveyed by the drive roller 30a. As
described above, a function to regulate the conveyance of
the calibration color mark 1n the Y direction 1s also included.
The calibration color mark regulator 135 1s an example of
the “regulator”.

Next, an example of an operation of spectral characteristic
acquisition according to the present embodiment will be
described with reference to FIGS. 7A to 7D. FIGS. TAto 7D
are plan views of the sheet 100 as viewed from the positive
7. direction when color data 1s acquired. FIGS. 7A to 7D are
views explaining an operation of the color data acquirer 20
at each position of the sheet 100 conveyed in the direction
(positive Y direction) indicated by an arrow 22.

In FIG. 7A, the color data acquirer 20 1s located at a
negative X direction end and at a positive Y direction end of
the sheet 100. The color data acquirer 20 1s conveyed 1n a
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direction of a white arrow 20a from a position 1indicated 1n
FIG. 7A. During conveyance of the color data acquirer 20,
the spectral unit 80 acquires color data of the sheet 100 1n the
color data acquisition area 21 at a predetermined time
interval. The predetermined time nterval 1s, for example, a
frame period of the image sensor 84. When the spectral unit
80 acquires color data, the sheet 100 1s at rest. The color data
acquirer 20 1s conveyed to the positive X direction end of the
sheet 100 and stops.

Since the spectral unit 80 1s included in the color data
acquirer 20, “acquisition of color data by the spectral unit
807 1s synonymous with “acquisition of color data by the
color data acquirer 20”.

In the relative positions between the sheet 100 and the
sheet detection sensor 41 1illustrated 1in FIG. 7A, the sheet
detection sensor 41 detects that the sheet 100 1s at a position
at which color data 1s acquired.

FIG. 7B 1llustrates a state after the sheet 100 1s conveyed
in the Y direction by a predetermined amount from a
position of FIG. 7A. The predetermined amount 1s, for
example, a length corresponding to a color data acquisition
range 1n the Y direction by the spectral unit 80. In FIG. 7B,
the color data acquirer 20 i1s located at the positive X
direction end of the sheet 100.

The color data acquirer 20 1s conveyed 1n a direction of a
white arrow 2056 from a position indicated i FIG. 7B.
During conveyance of the color data acquirer 20, the spectral
umt 80 acquires color data of the sheet 100 1n the color data
acquisition area 21 at a predetermined time interval. In a
manner similar to that above, when the spectral unit 80
acquires color data, the sheet 100 1s at rest. The color data
acquirer 20 1s conveyed to the negative X direction end of
the sheet 100 and stops.

The spectral unit 80 acquires color data of the sheet 100
in the color data acquisition area 21 by a same operation
with regard to FIGS. 7C and 7D.

By the above operation, color data in an entire area of the
sheet 100 1s acquired. In the above description, while an
example 1n which the color data acquirer 20 1s conveyed four
times 1n the X direction to acquire color data in the entire
arca of the sheet 100, a number of conveyances may be
arbitrarily set 1n accordance with a size of the sheet 100.

Next, an example of a spectral characteristic acquisition
process by the spectral characteristic acquisition device 10
will be described with reference to the flow diagram 1n FIG.
8.

The sheet conveyer 30 conveys the sheet 100 1n the Y
direction (step S801).

The sheet detector 134 detects whether the sheet 100 1s at
the position of the color data acquisition area 21 (step S803).

If the sheet 100 1s at the position of the color data
acquisition area 21 (Yes at step S803), the sheet conveyer 30
stops the conveyance of the sheet 100 1n the Y direction (step
S805). It the sheet 100 1s not at the position of the color data
acquisition area 21 (No at step S803), the process returns to
step S801.

Subsequently, the color data acquirer conveyer 40 con-
veys the color data acquirer 20 1n the X direction (step
S807).

During conveyance of the color data acquirer 20, the
spectral unit 80 acquires color data at a predetermined time
interval (step S809). The image sensor 84 of the spectral unit
80 1mages a diffraction 1image obtained from reflected light
of the color data acquisition area 21 and outputs the diflrac-
tion 1mage as color data.

I1 the color data acquirer 20 1s conveyed to the X direction
end (Yes at step S811), the color data acquirer conveyer 40
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stops the conveyance of the color data acquirer 20 (step
S813). It the color data acquirer 20 1s not conveyed to the X
direction end (No at step S811), the process returns to step
S807.

Subsequently, the sheet conveyer 30 conveys the sheet
100 in the Y direction by a predetermined amount (step

S815).

The sheet detector 134 detects whether the sheet 100 15 at
the position of the color data acquisition area 21 (step S817).

If the sheet 100 1s at the position of the color data
acquisition area 21 (Yes at step S817), the process returns to
step S807. Meanwhile, i1 the sheet 100 1s not at the position
of the color data acquisition area 21 (No at step S817), the
spectral characteristic calculator 113 calculates the spectral
characteristic of the sheet 100 with the use of the conversion
matrix G stored in the conversion matrix storage unit 123 on
the basis of the acquired color data (step S819).

In this manner, the spectral characteristic acquisition
device 10 can acquire a spectral characteristic. The convey-
ance by the sheet conveyer 30 and the color data acquirer
conveyer 40 1s performed 1n accordance with a drive signal
from the motor driver 133.

Next, a calibration function of the conversion matrix G
included 1n the spectral characteristic acquisition device 10
of the present embodiment will be described. In the calibra-
tion, the conversion matrix G stored 1n the conversion matrix
storage unit 123 1s calibrated on the basis of the color data
ol a reference color included 1n the calibration color mark
50.

As such a calibration method, 1t 1s conceirvable that the
color data of a same reference color 1s acquired by each of
the spectral sensors arrayed and provided in the spectral unit
80, and the conversion matrix G 1s calibrated 1n such a
manner that a same spectral characteristic 1s calculated by
cach of the spectral sensors.

However, according to this method, the calibration color
mark 50 needs to have a same reference color in a range
longer than a length i which the spectral sensors are
arrayed. The reference color included in the calibration color
mark 50 1s called a color mark.

If an array length of the spectral sensors becomes longer,
a long color mark 1s required accordingly, and the color
mark may have a non-uniform spectral characteristic such as
color unevenness, which may make accurate calibration
difficult. In addition, 1f a calibration color mark 50 including
a color mark having a uniform spectral characteristic over a
long range 1s manufactured, a manufacturing cost may be
very high.

In the present embodiment, while conveying the calibra-
tion color mark 50 in an array direction of a plurality of
spectral sensors included in the spectral unit 80, the color
data of the color mark 1s acquired by each spectral sensor.
Therefore, the calibration color mark 50 may include a color
mark having a length corresponding to a range in which one
spectral sensor acquires the color data. With this, a long
color mark having a uniform spectral characteristic 1s unnec-
essary, and the calibration color mark 50 can be manufac-
tured inexpensively. In addition, since each spectral sensor
1s calibrated with the use of a same color mark, accurate
calibration can be performed with an influence of nonuni-
formity of spectral characteristics suppressed.

FIG. 9 1s a diagram 1llustrating an example of a configu-
ration ol the calibration color mark 30 according to the
present embodiment. The calibration color mark 50 includes
as a base material a plate-shaped member 52 whose longi-
tudinal direction 1s the Y direction, and the plate-shaped
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member 1s provided with a color mark 51 of a color
(reference color) of a known spectral characteristic.

The rectangular color mark 51 1illustrated 1n FIG. 9 1s one
of color areas of a known spectral characteristic. In the
calibration color mark 50, a plurality of color marks 51
having diflerent colors are arrayed 1n the Y direction within
a range of a color gamut of an object. A color of each color
mark 51 1s a reference color for calibration. In the present
embodiment, 1t 1s assumed that color marks of several to
several thousand colors selected from a color reproducible
range of printing of a printing apparatus are used.

A length DX 1n the X direction and a length DY in the Y
direction of one color mark may be larger than an in-plane
spatial resolution of color data acquisition by the color data
acquirer 20. For example, 1f the 1n-plane spatial resolution of
color data acquisition 1s 1 mm, the lengths DX and DY may
be 1 mm or more. As the lengths DX and DY are shorter,
nonuniformity of the spectral characteristics 1 an area 1s
suppressed, and thus the lengths DX and DY are preferably
shorter.

A material of the plate-shaped member 52 used as a base
material 1s metal, such as aluminum, for example. The
calibration color mark 50 1s manufactured by printing the
color mark 31 directly on a surface of the plate-shaped
member 52. Alternatively, a sheet on which the color mark
51 1s printed may be attached to the plate-shaped member 52
and manufactured.

It 1s preferable that a coloring material of the color mark
51 has less fading over time. However, the color mark 51 1s
not limited to a maternal colored with paint. For example,
ceramic color tiles such as British Ceramic Research Asso-
ciation (BCRA) color tiles most commonly used for appli-
cations such as calibration of a spectrophotometer may be
used. The plate-shaped member 52 1s desirably larger than a
s1ze of the color mark 51 such that the color mark 31 1s not
touched when gripping or carrying. If a number of the color
marks 51 used 1n calibration 1s large, a plurality of calibra-
tion color marks 50 may be prepared.

It 1s preferable that areas of mutually different colors of
the calibration color mark 50 be uniformly selected from a
color range, 1.e., gamut that can be reproduced by an 1image
in, for example, a color space such as an XYZ color system
or L*a*b* color system.

The color mark requires much time and cost for manu-
facturing, maintenance and measurement. Therefore, 1n the
calibration color mark, the number of color marks may be
reduced as much as possible within a range 1 which the
estimation accuracy of a spectral characteristic can be main-
tained, and several to several tens of color marks selected
from a color reproducible range of 1image formation may be
used. However, 1n order to increase the estimation accuracy
of a spectral characteristic and acquire a high-accuracy
spectral characteristic, it 1s preferable that the calibration
color mark 1nclude color marks of hundreds to thousands of
colors. For example, when a plurality of colors of four or
more colors are required for achieving high 1image quality by
an electrophotographic method, an inkjet method, or the
like, a calibration color mark including color marks of more
colors 1s required. The more colors are colors including
orange, green, white, clear, fluorescent color and the like, 1n
addition to vellow, magenta, cyan and black, for example.

Next, an example of a calibration operation of the spectral
characteristic acquisition device 10 according to the present
embodiment will be described. Each spectral sensor
included in the color data acquirer 20 of the spectral char-
acteristic acquisition device 10 includes the conversion
matrix G. In the calibration of the spectral characteristic




US 11,134,159 B2

15

acquisition device 10, the conversion matrix G of each
spectral sensor 1s calibrated by the conversion matrnx cal-
culator 112. The conversion matrix calculator 112 1s an
example of the “calibrator”.

FIG. 10 1s a diagram explaining an example of an arrange-
ment at a time of calibration of the spectral characteristic
acquisition device 10 according to the present embodiment.
As 1illustrated 1n FIG. 10, the calibration color mark 50 1s
placed 1n an area where there 1s no sheet 100 within a range
in which the color data acquirer 20 can be conveyed by the
color data acquirer conveyer 40. The spectral characteristic
ol each color mark 1ncluded 1n the calibration color mark 50
1s measured 1 advance with the use of a high-precision
spectrometer, and a matrix R, representing a spectral char-
acteristic of the area 1s stored in the reference data storage
unit 121.

At a time of calibration, the color data acquirer 20 1s
conveyed i the positive X direction and arranged at a
position where the calibration color mark 50 1s placed as
illustrated i FIG. 10. In the following, for convenience of
explanation, the position where the calibration color mark
50 1s placed may be referred to as a calibration position.

In the arrangement 1llustrated in FIG. 10, light 1s 1rradi-
ated from the line illumination light source 60 to the
calibration color mark 50, and each spectral sensor included
in the spectral unit 80 1mages a difiraction 1image and outputs
color data.

Here, an operation 1in which the m spectral sensors 80
included 1n the spectral unit 80 acquire color data of the n
color marks 51, included in the calibration color mark 50
will be described with reference to FIGS. 10 and 11.

First, the drive roller 30a conveys the calibration color
mark 50 1n the positive Y direction, and arranges the color
mark 51, 1 a most negative Y direction among the color
marks 51, at a position at which color data 1s acquired by the
spectral sensor 80, located 1n a most positive Y direction
among the spectral sensors 80_. In the following, for con-
venience of explanation, a position of such calibration color
mark 30 may be referred to as an initial position. At the
initial position, the spectral sensor 80, acquires color data of
the color mark 51,.

FIG. 11 1s a diagram explaining an example of the
conveyance of the calibration color mark 50 by the drive
roller 30a. The dnive roller 30a 1includes a cylinder surface
that 1s 1n contact with the sheet 100, and 1s rotatable about
an axis of the cylinder. A groove 31a 1s formed 1n at least a
part of the cylinder surface of the drive roller 30a along a
circumierential direction. In addition, a plurality of teeth 32a
are formed at a bottom portion of the groove 31a. The teeth
32a are, for example, a plurality of teeth substantially
parallel to a cylindrical axial direction of the drive roller
30a, and are teeth formed along the circumierential direction
of the drive roller 30a.

Meanwhile, a plurality of rack teeth (not shown) are
formed so as to be engaged with the teeth 32a on a surface
of the calibration color mark 50 on a side 1n contact with the
bottom portion of the groove 31a (surface on a side opposite
to a surface provided with the color mark 51). The rack teeth
are a plurality of teeth that cross a longitudinal direction of
the calibration color mark 50 and are formed along the
longitudinal direction of the calibration color mark 50.

The calibration color mark 50 engages with the groove
31a. When the drive roller 30a rotates 1n a direction indi-
cated by a broken arrow 33a 1n FIG. 11, the calibration color
mark 50 1s conveyed in a direction indicated by a solid arrow
53 by the teeth 32a being meshed with the rack teeth. The
direction 1ndicated by the solid arrow 53 1s the negative Y

10

15

20

25

30

35

40

45

50

55

60

65

16

direction 1n FIG. 10. In addition, the drive roller 30a 1s an
example of the “cylindrical member”. By switching a rota-
tion direction of the drive roller 30a, a conveyance direction
of the calibration color mark 50 can be switched.

It 1s preferable that a groove of the groove 31a 1s formed
having a depth such that a surface on which the color mark
51 of the calibration color mark 30 1s provided does not
protrude in the positive Z direction (see FIG. 10) with
respect to a surface of the sheet 100 when the calibration
color mark 50 i1s engaged and conveyed. In addition, 1t 1s
desirable that the groove of the groove 31a 1s formed having
a depth such that a surface on which the color mark 51 of the
calibration color mark 50 1s provided does not contact a
roller on the positive Z direction side, that constitutes a nip
roller of the drive roller 30a when the calibration color mark
50 1s engaged and conveyed.

By providing the groove 31a and engaging the calibration
color mark 50 with the groove 31a and conveying the
calibration color mark 50, vibration and displacement of the
calibration color mark 50 during conveyance can be sup-
pressed, and the calibration color mark 50 can be conveyed
in the Y direction 1n a stable state. This allows accurate
calibration. The groove 31a 1s an example of the “guide
section”.

The teeth 32a may be formed by directly processing the
bottom portion of the groove 31a, or may be formed by
attaching a member having a tooth or the like to the bottom
of the groove 31a. In addition, a gear having teeth 32a may
be attached near an end of the drive roller 30a. Similarly, the
rack teeth 1n the surface of the calibration color mark 50 on
a side 1n contact with the bottom portion of the groove 31a
may be formed by directly processing the plate-shaped
member 52 of the calibration color mark 350, or may be
formed by attaching a member having a tooth or the like to
the plate-shaped member 52.

While an example 1s shown 1n the present embodiment, 1n
which a driving force due to a rotation of the drive roller 30a
1s transmitted to the calibration color mark 50 by meshing
the teeth 324 with the rack teeth, and the calibration color
mark 50 1s conveyed, the configuration 1s not limited to this.
For example, ifriction may be used without using the teeth.
In this case, no teeth are formed on the bottom portion of the
groove 31a and the surface of the calibration color mark 50,
and the driving force by the rotation of the drive roller 30q
1s transmitted to the calibration color mark 50 by friction. In
order to increase a Irictional force, the bottom portion of the
groove 31a and at least one surface of the calibration color
mark 50 may be roughened or uneven.

Referring back to FIG. 10, after the calibration color mark
50 1s arranged at the initial position and color data 1is
acquired, the drive roller 30a conveys the calibration color
mark 50 in the negative Y direction by a predetermined
amount and arranges the color mark 51, adjacent to the color
mark 51, at a position at which the color data 1s acquired by
the spectral sensor 20,. In this state, the spectral sensor 20,
acquires color data of the color mark 51,. By repeating such
an operation n times, the spectral sensor 20, can acquire V,
storing the color data v. A predetermined amount i1s, for
example, 1 mm.

Meanwhile, when the color mark 51, 1s arranged at the
color data acquisition position of the spectral sensor 80, the
color mark 51, 1s arranged at the color data acquisition
position of the spectral sensor 80, adjacent to the spectral
sensor 80, . Therefore, the color data acquisition of the color
mark 51, by the spectral sensor 80, and the color data
acquisition of the color mark 51, by the spectral sensor 80,
can be performed simultaneously. If this 1s repeated n times,
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the matrix V, by the spectral sensor 80, and the matrix V,
by the spectral sensor 80, can be obtained simultaneously.
The same applies to other spectral sensors 80, to 80_ .

In this manner, each of the m spectral sensors 80, can
acquire color data of the n color marks 51, . Color data of
cach spectral sensor 1s stored in a matrnix V_.

The conversion matrix calculator 112 acquires, from the
reference data storage unit 121, a matrix R,_-representing a
spectral characteristic of a reference sample measured 1n
advance and a matrix R, representing a spectral character-
1stic of each color mark of the calibration color mark 50, and
adds the matrix R, to the matrix R, .to obtain a matrix R, .
In addition, the matrix V_ of color data obtained from the
calibration color mark 30 1s added to a matrix V, -0t color
data obtained from the reference sample stored in the color
data storage unit 122 to obtain a matrix V.

The conversion matrix calculator 112 obtains the conver-
sion matrix G, on the basis of the formula (35) with the use
of the matrices R, and V___  thus obtained, and stores the
calibrated conversion matrix GG, 1n the conversion matrix
storage unit 123. The spectral characteristic calculator 113
can estimate the spectral characteristic of the sheet 100 with
high accuracy by using the conversion matrix G, thus
calibrated for each of the spectral sensors 20 _ .

FIG. 12 1s a flow diagram illustrating an example of a
calibration process of a conversion matrix according to the
present embodiment.

First, the color data acquirer conveyer 40 conveys the
color data acquirer 20 to the calibration position (step
S1201). In other words, the color data acquirer conveyer 40
conveys the color data acquirer 20 1n the positive X direction
(see FIG. 10) to place the color data acquirer 20 at the
calibration position.

Subsequently, the drive roller 30a conveys the calibration
color mark 50 to the mitial position (step S1203). In other
words, the drive roller 30a conveys the calibration color
mark 50 in the positive Y direction (see FIG. 10), and
arranges, the color mark 351, 1n a most negative Y direction
among the color marks 31, at a position at which color data
1s acquired by the spectral sensor 80, located in a most
positive Y direction among the spectral sensors 80 _ .

After the calibration color mark 50 1s stopped, each
spectral sensor 80,  acquires color data of each color mark
51, (step S1205).

After each spectral sensor 80 acquires the color data of
cach color mark 51 , the dnive roller 30a conveys the
calibration color mark 50 in the negative Y direction by a
predetermined amount (step S1207).

After the calibration color mark 50 1s stopped, each
spectral sensor 80 acquires color data of each color mark
51, (step S1209).

The calibration color mark regulator 135 detects whether
the calibration color mark 50 1s at the position of the color
data acquisition area 21 (step S1211).

If the calibration color mark 50 1s not at the position of the
color data acquisition area 21 (No at step S1211), the
conversion matrix calculator 112 obtains the matnix V_ and
refers to the V__ and the matrix R stored 1n the reference data
storage unit 121 to calculate the conversion matrnix G, (step
S1213).

Meanwhile, 1f the calibration color mark 50 1s not at the
position ol the color data acquisition area 21 (Yes at step
S1211), the process returns to step S1207.

In this manner, the spectral characteristic acquisition
device 10 can calibrate the conversion matrix G.

As described above, 1n the present embodiment, the color
data acquirer conveyer 40 conveys the color data acquirer 20
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in the direction (X direction) intersecting the sheet convey-
ance direction to acquire color data. Even when a width of
an 1mage formed on the sheet 100 1s wide, color data in an
entire width of the image can be acquired without using an
expensive light source that can 1lluminate the entire width of
the 1mage at one time. As a result, the spectral characteristic
acquisition device 10 capable of acquiring a spectral char-
acteristic with high accuracy can be constructed inexpen-
sively without using an expensive light source.

In addition, 1n the present embodiment, the color data
acquirer 20 includes a plurality of spectral sensors 80
arrayed 1n the sheet conveyance direction (Y direction).
With this, for example, spectral characteristics 1n a wide
range can be acquired at one time in the sheet conveyance
direction (Y direction). Further, by causing the conveyance
ol the color data acquirer 20 to cooperate with the convey-
ance of the sheet, it 1s possible to acquire spectral charac-
teristics ol a wide area of the sheet at high speed.

In the present embodiment, at the time of calibration, the
calibration color mark 50 1s conveyed in the sheet convey-
ance direction (Y direction) to acquire the color data of the
calibration color mark 50. With this, even when an array
length of the spectral sensors 80_ 1n the color data acquirer

20 1s long, an influence of nonunmiformity of the spectral
characteristics of the calibration color mark 50 can be
suppressed, and accurate calibration can be performed. In
addition, by using the conversion matrix G calibrated 1n this
manner, 1t 1s possible to suppress a diflerence 1n each of the
spectral sensors 80 and to acquire spectral characteristics
with high accuracy.

Second Embodiment

Next, an example of a spectral characteristic acquisition
device according to a second embodiment will be described.
The description of the same components as those already
described in the first embodiment may be omitted.

FIG. 13 15 a diagram explaining an example of a configu-
ration ol a calibration color mark 50a used 1n a spectral
characteristic acquisition device 10a according to the pres-
ent embodiment.

The calibration color mark 50a 1s formed by arraying a
plurality of substrate members 52a 1n a longitudinal direc-
tion of a belt-shaped member 53a. A matenal of the substrate
member 52a used as a base material 1s metal, such as
aluminum, for example. The belt-shaped member 53a 1s a
belt or the like made of a resin or a cloth, for example. Each
of a plurality of substrate members 52a 1s provided with a
color mark 51a of a known spectral characteristic. A difler-
ent color mark 51a 1s provided for each of different substrate
members 52a.

By providing the color mark 51a on the belt-shaped
member 53a, as compared with a case where the color mark
1s provided on the plate-shaped member as 1n the calibration
color mark 350 according to the first embodiment, twice or
more color marks can be provided in a calibration color
mark.

A length DX 1n the X direction and a length DY in the Y
direction of one color mark may be larger than an n-plane
spatial resolution of color data acquisition by the color data
acquirer 20. For example, 11 the in-plane spatial resolution of
color data acquisition 1s 1 mm, the lengths DX and DY may
be 1 mm or more. As the lengths DX and DY are shorter,
nonuniformity of the spectral characteristics 1n an area 1s
suppressed, and thus the lengths DX and DY are preferably
shorter.
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The calibration color mark 50a may be manufactured by
directly printing the color mark 51a on a surface of the
plate-shaped member 52a, or may also be manufactured by
attaching a sheet on which the color mark 51a 1s printed to
the plate-shaped member 52a. It 1s preferable that a coloring
material of the color mark 51a has less fading over time.
However, the color mark 51a 1s not limited to a material
colored with paint. For example, ceramic color tiles such as
BCRA color tiles most commonly used for applications such
as calibration of a spectrophotometer may be used. The
plate-shaped member 52a 1s preferably larger than the color
mark 351a such that the color mark 51a 1s not touched when
gripping or carrying. If a number of the color marks 51a
used 1n calibration 1s large, a plurality of calibration color
marks 50a may be prepared.

FIG. 14 1s a diagram explaining an example of placement
of a calibration color mark 50a to the spectral characteristic
acquisition device 10q according to the present embodiment.

In FIG. 14, the calibration color mark 50a 1s wound
around a drive roller 354 and a driven roller 356. The drive
roller 35a is rotated 1n a direction of an arrow 37a 1indicated
by a broken line 1in FIG. 14 by a rotation of a connected
motor. The calibration color mark 350a 1s rotated in a
direction of an arrow 34q indicated by a dashed line 1n FIG.
14 by a rotation of the drive roller 35a. The driven roller 355
rotates 1n accordance with a rotation of the calibration color
mark 50a. By using the drive roller 35a and the driven roller
355H, the calibration color mark 50a can be rotated 1n a
tensioned state.

A groove 36a 1s formed on a cylinder surface of the drive
roller 35a, and a groove 365 1s formed on a cylinder surface
of the driven roller 3556. The calibration color mark 50a 1s
wound around to engage with the grooves 36a and 3656. By
engaging the calibration color mark 50a with the groove 36a
and the groove 36a and winding the calibration color mark
50a around, a lateral displacement or the like of the cali-
bration color mark 50a due to the rotation can be prevented.

With regard to a length DL of the calibration color mark
50a 1n a longitudinal direction (see FIG. 13), a length of the
belt-shaped member 53« 1s adjusted and an interval between
the drive roller 35a and the driven roller 356 1 the Y
direction 1s adjusted in such a manner that the length DL
becomes at least a length of the color data acquisition area
21 1n the Y direction.

Depths of the grooves 36a and 365 are same as those
described for the groove 31a in the first embodiment. The
grooves 36a and 360 are each an example of the “guide
section”.

The calibration color mark 30a 1s disposed at the position
of the calibration color mark 50 1n FIG. 10 and 1s used at the
time of calibration. A method for using the calibration color
mark 50q at the time of calibration 1s same as a method for
using the calibration color mark 50.

FIG. 15 1s a diagram 1illustrating an example of compo-
nents of a controller 300a according to the present embodi-
ment by functional blocks. The controller 300q 1ncludes a
drive controller 130qa, and the drive controller 130a includes
a calibration color mark regulator 135a.

Here, 1n a calibration process according to the present
embodiment and the calibration process according to the
first embodiment, a method for detecting an end timing of
the calibration 1s different. In the first embodiment, since the
calibration color mark 50 including a plate-shaped member
1s used, the calibration color mark detection sensor 55 can
detect that the calibration color mark 50 conveyed 1in the Y
direction 1s not at the position of the color data acquisition
area 21 and thus can detect the end timing of the calibration.
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However, 1n the present embodiment, the calibration color
mark 50a 1s conveyed 1n the Y direction while circulating
with the use of the calibration color mark 50q including a
belt-shaped member. Therefore, since any part of the cali-
bration color mark 50a 1s at the position of the color data
acquisition area 21 at all times, the calibration color mark
detection sensor 35 or the like i1s not able to detect the
calibration end timing.

In the present embodiment, among the plurality of color
marks 31a included 1n the calibration color mark 50a, a top
color mark to be a start of calibration 1s defined 1n advance.
Then, acquisition of color data for calibration is started from
the top color mark, and when the top color mark 1s circulated
and conveyed to the color data acquisition area 21 again, the
calibration 1s ended. Whether the color mark conveyed to the
color data acquisition area 21 i1s the top color mark can be
detected on the basis of the color data of the color mark
acquired by the spectral sensor.

Referring back to FIG. 135, the calibration color mark
regulator 135a detects that the top color mark 1s conveyed to
the color data acquisition area 21 as described above, and
thus detects the calibration end timing. The calibration color
mark regulator 1354 can be implemented, for example, by
the spectral sensor 80, or the like positioned 1n the most
positive direction among the spectral sensors 80, 1ncluded
in the spectral unit 80. The timing for ending the calibration
1s not limited to a timing when the top color mark circulates
once. A number of circulating of the top color mark to fimish
the calibration may be determined 1n advance, and the
calibration may be ended when the top color mark 1is
circulated a specified number of times. The calibration color
mark regulator 135q 1s an example of the “regulator”.

FIG. 16 1s a flow diagram illustrating an example of a
calibration process of the conversion matrix G according to
the present embodiment. Steps S1601 to S1609 are similar
to steps S1201 to S1209 of the process for calibrating the
conversion matrix G according to the first embodiment
illustrated 1 FIG. 12, and thus the description 1s omitted.

The calibration color mark regulator 135a detects whether
the top color mark 1s conveyed to the position of the color
data acquisition area 21 (step S1611).

If the top color mark 1s conveyed to the position of the
color data acquisition area 21 (Yes at step S1611), the
conversion matrix calculator 112 obtains the matrix V_ and
refers to the V, and the matrix R stored 1n the reference data
storage unit 121 to calculate the conversion matrix G, (step
S51613).

Meanwhile, 11 the top color mark 1s not conveyed to the
position of the color data acquisition area 21 (No at step
S1611), the process returns to step S1607.

In this manner, the spectral characteristic acquisition
device 10 can end the calibration with the use of the
calibration color mark regulator 135a and thus can calibrate
the conversion matrix G.

As described above, 1n the present embodiment, the color
marks 51a are arrayed in the belt-shaped member 534, and
thus the calibration color mark 30a 1s manufactured. With
this, 1t 1s possible to provide a number of color marks twice
or more compared to a case of providing color marks on a
plate-shaped member, and to perform calibration using this.
Since an acquisition resolution of the spectral characteristics
can be increased as the number of the color marks increases,
calibration with high accuracy can be performed, and spec-
tral characteristics can be acquired with high accuracy.

For example, the number of color marks can be increased
by preparing a plurality of calibration color marks having
plate-shaped members and including different color marks
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and attaching and detaching the calibration color marks to
the spectral characteristic acquisition device; however, it

takes a lot of man-hours and time to attach and detach the
calibration color marks. According to the present embodi-
ment, the process for attaching and detaching the calibration
color marks can be eliminated or reduced, and thus i1t 1s
possible to reduce man-hours and time of calibration.

Other eflects are same as the effects described in the first
embodiment.

Third Embodiment

Next, an example of a spectral characteristic acquisition
device according to a third embodiment will be described.
The description of the same components as those already
described 1n the first and second embodiments may be
omitted.

FI1G. 17 1s a diagram explaining an example of an arrange-
ment of calibration of a spectral characteristic acquisition
device 106 according to the present embodiment.

In this embodiment, as 1llustrated in FIG. 17, a calibration
color mark 505 1n which a color mark 3515 1s arrayed and
provided 1n the X direction and in the Y direction respec-
tively 1s used. In FIG. 17, three color marks 515 are arrayed
in the X direction and sixteen color marks 515 are arrayed
in the Y direction, respectively. However, the configuration
1s not limited to this, and an arbitrary number of the color
marks 515 may be provided.

The calibration color mark 505 1s placed 1n an area where
there 1s no sheet 100 within a range 1n which the color data
acquirer 20 can be conveyed by the color data acquirer
conveyer 40. A function of the calibration color mark 5056
and a method for using the calibration color mark 505 are the
same as those described in the first or second embodiment,
and thus the description 1s omitted here.

FIGS. 18A to 18D are views explaining an example of a
calibration operation by the spectral characteristic acquisi-
tion device 106 according to the present embodiment. FIGS.
18A to 18D are plan views of the calibration color mark 505
at the time of calibration as viewed from the positive Z
direction. In FIGS. 18A to 18D, each square of a gnd
illustrated in the calibration color mark 5056 indicates the
color marks 3515 arrayed and provided in the X direction and
the Y direction respectively. FIGS. 18A to 18D are views
explaining an operation of the color data acquirer 20 at each
position of the calibration color mark 506 conveyed 1n the
direction (positive Y direction) indicated by an arrow 54.

In FIG. 18A, the color data acquirer 20 is located at a
negative X direction end and at a positive Y direction end of
the calibration color mark 5054. The color data acquirer 20 1s
conveyed 1n a direction of a white arrow 36qa from a position
indicated in FIG. 18A. During conveyance of the color data
acquirer 20, the spectral unit 80 acquires color data of the
calibration color mark 5054 1n the color data acquisition area
21 at a predetermined time interval. The predetermined time
interval 1s, for example, a frame period of the 1image sensor
84. When the spectral unit 80 acquires color data, the
calibration color mark 505 1s at rest. The color data acquirer
20 1s conveyed to the positive X direction end of the
calibration color mark 506 and stops.

FI1G. 18B 1llustrates a state after the calibration color mark
500 1s conveyed 1n the Y direction by a predetermined
amount from a position of FIG. 18A. The predetermined
amount 1s, for example, a length corresponding to a color
data acquisition range in the Y direction of one spectral
sensor mncluded 1n the spectral unit 80, and 1s 1 mm, for
example. In this manner, 1t 1s possible to acquire, with each
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spectral sensor included in the spectral unit 80, a spectral
characteristic of a same area of the calibration color mark

505.

The color data acquirer 20 1s conveyed 1n a direction of a
white arrow 565 from a position indicated in FIG. 18B.
During conveyance of the color data acquirer 20, the spectral
unit 80 acquires color data of the calibration color mark 505
in the color data acquisition area 21 at a predetermined time
interval. In a same manner as described above, when the
spectral unit 80 acquires color data, the calibration color
mark 5056 1s at rest. The color data acquirer 20 1s conveyed
to the negative X direction end of the calibration color mark
506 and stops.

The spectral unit 80 acquires color data of the calibration
color mark 505 1n the color data acquisition area 21 by a
same operation also with regard to FIGS. 18C and 18D.

A calibration color mark detection sensor may be pro-
vided at a predetermined position in the Y direction to detect
at least one of a start timing and an end timing of calibration.

By the above operation, each spectral sensor 80_ included
in the spectral unit 80 can acquire the color data of all the
color marks 515 included 1n the calibration color mark 505.
While an example 1n which the color data acquirer 20 1s
conveyed four times in the X direction to acquire color data
ol the calibration color mark 5056 1s illustrated 1n the above
description, a number of conveyances may be arbitrarily set
in accordance with a size of the calibration color mark 505.

FIG. 19 15 a diagram 1illustrating an example of color data
of each color mark 315, acquired by each spectral sensor
80 according to the present embodiment. Fach column
corresponds to a matrix V_ storing the color data in each
spectral sensor.

As described above, 1n the present embodiment, 1n the
calibration, the calibration color mark 505 in which the color
marks 51b are arrayed and provided in the X direction and
the Y direction respectively 1in the plate-shaped member 1s
used. At the time of calibration, the drive roller 30a conveys
the calibration color mark 5056 1n the Y direction. In addition,
the color data acquirer conveyer 40 conveys, the color data
acquirer 20 1 which the spectral sensors 80 are arrayed 1n
the Y direction, 1 the X direction to acquire color data. As
a result, even when a number of the color marks 515 1s very
large, the color data of the color mark 515 can be acquired
in a short time.

In addition, while an example 1n which the calibration
color mark 505 1n which the color marks 515 are arrayed and
provided in the X direction and the Y direction respectively
in the plate-shaped member 1s used 1s illustrated 1n the
present embodiment, the configuration 1s not limited to this.
For example, as illustrated in the second embodiment, the
calibration color mark 5056 1n which the color marks 515 are
arrayed and provided in the X direction and the Y direction
respectively 1n the belt-shaped member may be used. With
this, compared to a case of arraying the color marks 515 1n
a plate-shaped member, the calibration color mark 505 can
include twice or more color marks, and accurate calibration
can be performed. In addition, spectral characteristics can be
acquired with high accuracy. Furthermore, color data of such
a color mark 3515 can be acquired 1n a short time.

Other eflects are same as those described 1n the first and
second embodiments.

Forth Embodiment

Next, an example of a spectral characteristic acquisition
device according to a forth embodiment will be described.
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The description of the same components as those already
described 1n the first to third embodiments may be omatted.

In the spectral characteristic acquisition device, a char-
acteristic of the line 1llumination light source 60 may change
due to an influence of environmental changes such as
temperature or aging with time, and even 1f the sheet 100 1s
the same, the color data acquired by the spectral unit 80 may
change.

In a spectral characteristic acquisition device 10c¢ of the
present embodiment, a white color mark and a black color
mark are provided in the calibration color mark 50, and a
correction factor calculator 114 uses the white and black
marks to calculate a correction factor of color data. The
spectral characteristic calculator 113 estimates a spectral
characteristic with the use of color data multiplied by the
correction factor obtained by the correction factor calculator,
thereby estimating a spectral characteristic with high accu-
racy at all times regardless of a change 1n the line 1llumi-
nation light source 60, or the like.

Backing conditions are determined in accordance with a
purpose, such as black backing when used for ISO compli-
ance and calibration, and white backing when creating a
color profile for printing. The backing means a backing color
at the time of acquiring a spectral characteristic. In the white
backing, a white color mark which 1s a color mark of one
white color 1s used, and 1n the black backing, a black color
mark which 1s a color mark of one black color 1s used. The
white color mark 1s, for example, a white film, a white
printing paper, or the like. The black color mark 1s, for
example, a black film, a black printing paper, or the like. The
white color mark and the black color mark are each provided
in the calibration color mark 50 as one of a plurality of color
marks included in the calibration color mark 50. The color
data acquirer 20 1s conveyed to a position of the white color
mark or the black color mark in the calibration color mark
50, and the spectral unit 80 acquires color data for obtaining
a correction factor.

Reterence color data v, -and v, . obtained from the
white color mark and the black color mark are measured in
advance and stored 1n the color data storage unit 122 as a
reference value.

FIG. 20 1s a diagram 1illustrating an example ol compo-
nents of a controller 300¢ according to the present embodi-
ment by functional blocks. A computation unit 110¢ 1n the
controller 300c¢ 1includes the correction factor calculator 114.
In addition, a storage unit 120c¢ includes a correction factor
storage unit 124.

The correction factor calculator 114 acquires color data v,
and v, from the white color mark and the black color mark.
In addition, the reterence color data v, -and V,, - are
acquired with reference to the color data storage unit 122.
Correction factors w and b are calculated by the following

tormulae (6) and (7).

wi:vwre /FW-i(izlﬂzﬂ - 7N) (6)

bi=Vipepi/ Vo i=1,2, . . . ,N) (7)

The correction factor calculator 114 stores the correction
factors w and b 1n the correction factor storage unit 124.

In a case where the spectral characteristic of the sheet 100
1s estimated, when acquiring the color data v of the sheet
100, the spectral characteristic calculator 113 calculates
corrected color data v' by the formulae (8) and (9) with the
use of the correction factors w and b acquired with reference
to the correction factor storage unit 124.

(8)

V=V W
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9)

In the case of white backing, the spectral characteristic
calculator 113 generates a matrix V__ irom the color data

exp

v ! corrected by the formula (8), and estimates the spectral
characteristic R, of the sheet 100 by the formula (1) with
the use of the conversion matrix G stored 1n the conversion
matrix storage unit 123.

In the case of black backing, the spectral characteristic
calculator 113 generates a matrix V_,_, from the color data v,
corrected by the formula (9), and estimates the spectral
characteristic R, of the sheet 100 by the formula (1) with
the use of the conversion matrix G stored in the conversion
matrix storage unit 123.

FIG. 21 1s a flow diagram illustrating an example of a
process ol for acquiring a correction factor of color data
according to the present embodiment.

First, the color data acquirer conveyer 40 conveys the
color data acquirer 20 to a position of the white color mark
in the calibration color mark 50 (step $S2101).

After the color data acquirer 20 1s conveyed and stopped.,
the spectral unit 80 acquires color data v, of the white color
mark (step S2103).

Subsequently, the color data acquirer conveyer 40 con-
veys the color data acquirer 20 to a position of the black
color mark in the calibration color mark 30 (step S2105).

After the color data acquirer 20 1s conveyed and stopped.,
the light source driver 131 turns off the line i1llumination
light source 60 (step S2107). A reason for turning ofl the line
illumination light source 60 1s to acquire an output of color
data by a dark current. The dark current 1s a current that
flows 1n a state where light 1s not irradiated to the pixels of
the 1mage sensor 84. For example, when the temperature
rises by 7 to 10° C., the dark current is approximately
doubled.

Subsequently, the spectral unit 80 acquires the color data
v, ol the black color mark (step S2109).

Subsequently, the light source driver 131 turns on the line
illumination light source 60 (step S2111). A reason {for
turning on the line 1llumination light source 60 1s to prepare
for acquiring next color data.

Subsequently, the correction factor calculator 114 refers
to the color data storage unit 122 to acquire the reference
color datav,, -and v, . and uses the above formulae (6) to
(7) to calculate correction factors w and b, and stores the
correction factors w and b 1n the color data storage unit 122
(step S2113).

In this manner, the spectral characteristic acquisition
device 10a can use the white color mark and the black color
mark to calculate the correction factors w and b and can
store the correction factors w and b.

As described above, 1n the present embodiment, the color
data acquired by the spectral unit 80 1s corrected, thereby
suppressing a decrease in the estimation accuracy of a
spectral characteristic due to a change in the line i1llumina-
tion light source 60, or the like. This makes 1t possible to
estimate spectral characteristics with high accuracy at all
times.

In addition, correction for a relatively short-term temporal
change has significance as simple calibration. According to
the present embodiment, such simple calibration can be
carried out without complicated operations.

While simple calibration 1s described above as a function
separated from acquisition of a spectral characteristic, the
simple calibration can be easily performed by the convey-
ance of the color data acquirer 20. Therefore, the simple
calibration may be performed, as a part of a process for

Vbr:b'v
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acquiring the spectral characteristic, each time the spectral
characteristic 1s acquired. This makes 1t possible to acquire
a spectral characteristic with guaranteed accuracy at all
times.

Other eflects are same as those described 1n the first to
third embodiments.

Fifth Embodiment

Next, an example of an 1image forming apparatus includ-
ing the spectral characteristic acquisition device according
to the first to fourth embodiments and performing in-line
spectral characteristic acquisition and adjustment of an
image creation condition or the like will be described. The
description of the same components as those already
described 1n the first to forth embodiments may be omatted.

FI1G. 22 1s a diagram explaining an example of a configu-
ration of the image forming apparatus according to the
present embodiment. In FIG. 22, an image forming appara-

tus 200 1s an nkjet type 1image forming apparatus.
In an 1mage former 201, inkjet heads Gr, O, Y, M, Cy, and
K are disposed. Symbols Gr, O, Y, M, Cy and K indicate 1nk

colors of green, orange, yellow, magenta, cyan and black,

respectively.

The image forming apparatus 200 1s provided with a sheet
teeder 202 1n which the sheet 100 as an object 1s housed. The
sheet 100 1s fed 1 order from a top sheet, and 1s conveyed
to the 1mage former 201 at timing by a pair of registration
rollers.

In the 1mage former 201, an 1nk 1s separately applied to
the sheet 100 with an inkjet head of a corresponding color
on the basis of 1image information to form a visible image.
After being applied with the ink, the sheet 100 1s sent to a
dryer 203, and the ink 1s dried during conveyance. The sheet
100 having been dried 1s ejected by a sheet ejector 204 or
stored 1n a stacker.

In the sheet ejector 204, the spectral characteristic acqui-
sition device 10 1s disposed so as to face an 1image surface
of the sheet 100. The image surface of the sheet 100 1s an
example of the “recording medium surface”. The spectral
characteristic acquisition device 10 1s used for starting up
the 1mage forming apparatus 200, changing a sheet type, and
performing a periodic mspection during long operation. The
spectral characteristic acquisition device 10 acquires a spec-
tral characteristic of 1image data of the sheet 100 during sheet
¢jection, and monitors color unevenness and color tluctua-
tion 1n a sheet surface.

The data acquired by the spectral characteristic acquisi-
tion device 10 1s sent to a controller of the image forming
apparatus 200. The controller functions as an 1mage evalu-
ation device, adjusts an 1image forming condition such as an
application amount of the mkjet head, and adjusts an image
creation condition on the basis of on an evaluation result 1n
order to 1improve color reproducibility.

There are many 1maging products on the market, such as
printers, copiers, multifunction peripherals which are high
value-added products having a communication function
with the printers and copiers, and commercial printers. In
image forming methods, there are various methods such as
an electrophotographic method, an inkjet method, and a heat
sensitive method.

In addition, 1n the field of production printing, digitization
1s progressed in both sheet machines and continuous sheet
machines, and a large number of products such as the
clectrophotographic type and the inkjet type have been put
into the market.
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User needs are also increasing in multi-dimensionaliza-
tion, high definition, and high densification of images 1n the

transition from monochrome printing to color printing. With
the progress of diversification of service forms that can be
delivered to consumers, such as high-quality printing of
photographs, catalog printing, advertisement posting corre-
sponding to personal preference on 1voices and the like,
demands for high image quality, guarantee ol personal
information, color reproduction are also increasing.

As a technique for coping with high 1mage quality, there
1s known an electrophotographic method in which a density
sensor for detecting a toner density before being fixed onto
an intermediate transifer member or a photoconductor 1is
mounted to stabilize a toner supply amount.

With regard to guarantee of personal information, there 1s
known a technique 1n which an output image 1s captured by
a camera or the like without an 1mage forming method and
the output image 1s inspected by difference detection by
character recognition and an inter-image difference.

Products that output a color toner pattern and perform
spectral characteristic acquisition of one or more points to
carry out calibration by a spectral characteristic acquisition
device such as a spectroscopic measurement device are put
into the market.

It 1s desirable that the present embodiment be performed
on an entire area of an 1mage formed by the 1image forming
apparatus in order to cope with an image fluctuation between
pages and within a page.

While an example 1 which the spectral characteristic
acquisition device 10 1s provided inside the image forming
apparatus 200 1s described above, the spectral characteristic
acquisition device 10 may be provided separately from the
image forming apparatus 200 to configure an 1mage forming
system. In other words, an 1maging system that can acquire
and evaluate a spectral characteristic off-line may be con-
figured.

In this case, the 1image forming apparatus 200 forms an
image on a sheet. A user carries, for example, the sheet on
which the image 1s formed to a position where the spectral
characteristic acquisition device 10 1s provided. Then, the
spectral characteristic acquisition device 10 acquires a spec-
tral characteristic of the image formed on each sheet. An
acquisition result 1s fed back to the image forming apparatus
200 ofl-line, and an 1image forming condition and an image
creation condition of the image forming apparatus are
adjusted.

While an example of applying the spectral characteristic
acquisition device 10 according to the first embodiment 1s
described above, the spectral characteristic acquisition
device 10a according to the second embodiment, the spec-
tral characteristic acquisition device 106 according to the
third embodiment, or the spectral characteristic acquisition
device 10c¢ according to the fourth embodiment may be
applied.

Sixth Embodiment

Next, an example of an 1mage forming apparatus man-
agement system which includes the spectral characteristic
acquisition device of the first to fourth embodiments and
manages an 1mage forming apparatus will be described. The
description of the same components as those already
described 1n the first to fifth embodiments may be omitted.

FIG. 23 illustrates an example of a configuration of an
image forming apparatus management system 400 of the
present embodiment. The image forming apparatus manage-
ment system 400 includes a spectral characteristic acquisi-
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tion device 10, a plurality of 1mage forming apparatuses
401, to 401, and a management server 402. The image
forming apparatuses 401, to 401 _ are inkjet type image
forming apparatuses.

The spectral characteristic acquisition device 10 1s used
for starting up, changing a sheet type, or performing a
periodic 1mage quality inspection of the image forming
apparatuses 401, to 401_ during a long operation. The
spectral characteristic acquisition device 10 acquires spec-
tral characteristics of images formed on sheets 403, to 403
by the image forming apparatuses 401, to 401, and moni-
tors color unevenness and color fluctuations of the 1mages
due to the 1mage forming apparatuses 401, to 401,

The 1image torming apparatuses 401, to 401, form color
patches 404, to 404_for acquiring spectral characteristics on
the sheets 403, to 403, in the image quality inspection. In
addition to the color patches, color codes 405, to 405, are
formed 1n a predetermined area on the sheet 403.

In the following, for convenience of explanation, the
image forming apparatuses 401, to 401_may be collectively
referred to as an 1image forming apparatus 401. In addition,
the sheets 403, to 403 _may be collectively referred to as the
sheet 403, and the color codes 405, to 405, may be collec-
tively referred to as a color code 405.

The color patch 404 1s a patch 1n which a plurality of
different color figures are two-dimensionally arrayed, and 1s
used as a color reference. The spectral characteristic acqui-
sition device 10 acquires a spectral characteristic of the color
patch 404 formed by the image forming apparatuses 401, to
401 . The spectral characteristic of the image by the image
forming apparatuses 401, to 401, 1s evaluated with the use
of the acquired spectral characteristic.

Ideally, the color patch 404, formed by the image forming
apparatus 401, the color patch 404, formed by the image
forming apparatus 401,, and the color patch 404 _formed by
the 1mage forming apparatus 401, all have a same spectral
characteristic. However, due to a diflerence in 1mage cre-
ation characteristics of the 1image forming apparatuses 401,
to 401 , the spectral characteristics become slightly differ-
ent. Such a color patch 404 1s an example of the “predeter-
mined pattern”.

The color code 4035 1s a color figure which 1s for express-
ing identification information, and in which color figures
having a umique color are one-dimensionally arrayed. FIG.
24 1llustrates an example of the color code 405. In FIG. 24,
textures 405a to 405/ indicate color figures of respective
different colors. The color code 405 1s an example of the
“1dentification information identifying the image forming
apparatus”.

A color of one color figure can be expressed by a blending,
ratio of red, blue and green. Therefore, for example, the
color code 405 can be used as identification information
including various pieces of information by expressing the
blending ratio of red, blue, and green 1n a character string of
hexadecimal numbers and digitizing the character string.

The information indicated by the color code 405 1ncludes,
for example, a model name of the image forming apparatus
401, a product number, a date and a time when the color
code 405 1s formed, a number of sheets in which the color
code 405 1s formed, and the like.

It 1s desirable that an entire size C1 of the color code 405
in the sheet conveyance direction 1s a size included in the
color data acquisition area 21 by the spectral characteristic
acquisition device 10. In addition, 1t 1s desirable that a size
C2 per one color of the color code 405 be larger than a color
data acquisition area by one spectral sensor included 1n the
color data acquirer 20.
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The sheet 403, on which the image forming apparatus
401, forms an image, the sheet 403, on which the image
forming apparatus 401, forms an image, and the sheet 403
on which the image forming apparatus 401, forms an 1mage
are delivered to one spectral characteristic acquisition device
10.

The spectral characteristic acquisition device 10 acquires
the spectral characteristics of the color patches 404, to 404 .
In addition, the spectral characteristic acquisition device 10
acquires a spectral characteristic of the color code 405,
formed on the sheet 403,, a spectral characteristic of the
color code 405, formed on the sheet 403,, and a spectral
characteristic of the color code 405, formed on the sheet
403 and acquires 1dentification information.

The spectral characteristic data and the identification
information expressed by the color code 405 are associated
with each other and stored in the management server 402.
The management server 402 1s an example of the “storage
device”.

FIG. 25 1s a flow diagram illustrating an example of a
management process by the image forming apparatus man-
agement system of the present embodiment.

First, an image forming apparatus 401, forms a color patch
404, on a sheet 403, (step S2301). The j 1s a natural number
of 1 to x and 1s a counter of a number of the image forming
apparatuses 401. The x 1s a number of the 1mage forming
apparatuses 401 included in the image forming apparatus
management system 400. Step S2501 1s an example of a
“pattern formation process”.

Subsequently, the 1image forming apparatus 401, forms a
color code 405, on the sheet 403, (step S2503).

Subsequently, the counter of the number of the image
forming apparatuses 401 1s incremented by 1 (step S2505).
The management server 402, for example, updates this
counter. Alternatively, the updating may be performed by a
user who uses the image forming apparatus.

Subsequently, i1t 1s determined whether j=x 1s satisiied
(step S2507). For example, it 1s determined whether all the
image forming apparatuses have formed the color patch 404
and the color code 405 on a sheet. The management server
402, for example, makes this determination. Alternatively,
the updating may be performed by a user who uses the image
forming apparatus.

If 1t 1s determined that j=x 1s satisfied (Yes at step S2507),
the process returns to step S2501. Meanwhile, when 1t 1s
determined that j=x 1s not satisfied (No at step S2507), the
spectral characteristic acquisition device 10 acquires a spec-
tral characteristic ot the color patch 404, of the sheet 403,
(step S23509).

Subsequently, the spectral characteristic acquisition
device 10 acquires identification information of the color
code 403, ot the sheet 403, (step S2511).

Subsequently, a counter of a number of the sheets 403 1s
incremented by 1 (step S2513). The management server 402,
for example, updates this counter. Alternatively, the updat-
ing may be performed by a user who uses the image forming
apparatus.

Subsequently, 1t 1s determined whether j=x 1s satisfied
(step S2515). For example, it 1s determined whether all the
spectral characteristic acquisition devices 10 have acquired
the spectral characteristics of the color patches 404 of all the
sheets and the i1dentification imnformation of the color code
405. The management server 402, for example, makes this
determination. Alternatively, the updating may be performed
by a user who uses the 1image forming apparatus.

I1 1t 1s determined that 1=x 1s satisfied (Yes at step S2515),
the process returns to step S2509. Meanwhile, when 1t 1s
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determined that j<x 1s not satisfied (No at step S2515), the
management server 402 associates and stores a spectral
characteristic of the color patch 404 and identification
information of the color code 405 (step S2517). The step
S2517 1s an example of a “storing process”.

As described above, the management system 400 can
associate and store the spectral characteristic of the color
patch 404 and the identification information of the color
code 405 1n the management server 402.

According to the present embodiment, for example, by
referring to the management server 402, it 1s possible for a
user to grasp spectral characteristic data of the 1image form-
ing apparatus 401 represented by 1dentification information.
In addition, by referring to the management server 402, it 1s
possible to acquire spectral characteristic data of each 1image
forming apparatus represented by identification information,
and to adjust an 1mage creation condition of each image
forming apparatus on the basis of the spectral characteristic
data. While an example of applying the spectral character-
1stic acquisition device 10 according to the first embodiment
1s described above, the spectral characteristic acquisition
device 10a according to the second embodiment, the spec-
tral characteristic acquisition device 105 according to the
third embodiment, or the spectral characteristic acquisition
device 10c¢ according to the fourth embodiment may be
applied.

In addition, while the 1inkjet type image forming apparatus
1s described above as an example, the present embodiment
1s also applicable to various types of 1mage forming appa-
ratuses such as an electrophotographic type.

While the spectral characteristic acquisition device, the
image forming apparatus, the image forming system, the
image forming apparatus management system, and the
image forming apparatus management method according to
the embodiment have been described above, embodiments
of the present disclosure 1s not limited to the abovemen-
tioned embodiments, and wvarious modifications and
improvements are possible within the scope of the embodi-
ments of the present disclosure.

The above-described embodiments are 1llustrative and do
not limit the present invention. Thus, numerous additional
modifications and variations are possible in light of the
above teachings. For example, elements and/or features of
different illustrative embodiments may be combined with
cach other and/or substituted for each other within the scope
of the present invention.

Each of the functions of the described embodiments may
be 1mplemented by one or more processing circuits or
circuitry. Processing circuitry includes a programmed pro-
cessor, as a processor includes circuitry. A processing circuit
also includes devices such as an application specific inte-
grated circuit (ASIC), digital signal processor (DSP), field
programmable gate array (FPGA), and conventional circuit
components arranged to perform the recited functions.

The 1nvention claimed 1s:

1. A spectral characteristic acquisition device comprising:

a color data acquirer including a plurality of spectral
sensors configured to receive light reflected from an
object irradiated with light and acquire color data of the
object;

a calibration color mark member 1including a base and a
plurality of color marks of respective known spectral
characteristics provided on the base;

circuitry configured to
estimate a spectral characteristic of the object on a basis

of the acquired color data of the object, and
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calibrate a spectral characteristic calculator of the cir-
cuitry on a basis of color data obtained from the
calibration color mark member;

a first conveyer configured to convey the color data
acquirer 1n a direction intersecting a predetermined
conveyance direction 1n which the object 1s conveyed;
and

a second conveyer configured to convey the calibration
color mark member 1n the predetermined conveyance
direction,

wherein the plurality of spectral sensors are arrayed 1n the
predetermined conveyance direction and configured to
receive light reflected from the plurality of color marks
and acquire color data of the plurality of color marks as
the color data obtained from the calibration color mark
member as the second conveyor conveys the calibration
color mark member 1n the predetermined conveyance
direction.

2. The spectral characteristic acquisition device according
to claim 1, wherein the circuitry 1s configured to estimate the
spectral characteristic of the object on a basis of the color
data of the object with a use of a conversion matrix set 1n
advance, and calibrate the conversion matrix on a basis of
the color data obtained from the calibration color mark
member.

3. The spectral characteristic acquisition device according
to claim 1, wherein the second conveyer 1s configured to
convey the object 1n the predetermined conveyance direc-
tion.

4. The spectral characteristic acquisition device according
to claim 1, comprising a third conveyer configured to convey
the object 1n the predetermined conveyance direction.

5. The spectral characteristic acquisition device according
to claim 1, wherein the calibration color mark member 1s at
least one of a plate-shaped member and a belt-shaped
member in which the plurality of color marks are arrayed on
the base 1n the predetermined conveyance direction.

6. The spectral characteristic acquisition device according,
to claim 1, wherein the calibration color mark member 1s at
least one of a plate-shaped member and a belt-shaped
member 1n which the plurality of color marks are arrayed on
the base 1n the predetermined conveyance direction and in
the direction intersecting the predetermined conveyance
direction.

7. The spectral characteristic acquisition device according
to claim 1, wherein the second conveyer includes a guide
section to guide the conveyance of the calibration color
mark member in the predetermined conveyance direction.

8. The spectral characteristic acquisition device according
to claim 7, wherein the second conveyer 1s configured to
convey the object 1n the predetermined conveyance direction
and includes a cylindrical member including a cylindrical
surface to contact the object, the cylindrical member being
rotatable about an axis thereof, and wherein the guide
section comprises a groove formed 1n at least a part of the
cylindrical surface in a circumierential direction of the
cylindrical member.

9. The spectral characteristic acquisition device according
to claim 8, wherein the groove includes a bottom portion
having a plurality of teeth formed in the circumiferential
direction of the cylindrical member, and wherein the cali-
bration color mark member engaged with the groove com-
prises a plurality of rack teeth configured to mesh with the
plurality of teeth 1n a surface on a side in contact with the
bottom portion of the groove.

10. The spectral characteristic acquisition device accord-
ing to claim 1, wherein the circuitry 1s further configured to
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regulate the conveyance of the calibration color mark mem-
ber 1n the predetermined conveyance direction.

11. An 1image forming apparatus for changing an image
forming condition on a basis of a spectral characteristic of a
recording medium surface, the image forming apparatus
comprising the spectral characteristic acquisition device
according to claim 1.

12. An 1mage forming apparatus management system
comprising;

an 1mage forming apparatus for forming a predetermined

pattern on a recording medium;

the spectral characteristic acquisition device according to

claim 1, configured to acquire a spectral characteristic
of the predetermined pattern; and

a storage device configured to associate and store identi-

fication information identifving the image forming
apparatus and the spectral characteristic of the prede-
termined pattern.

13. The spectral characteristic acquisition device accord-
ing to claam 1, wherein the respective known spectral
characteristics of the plurality of color marks are different
from each other.

14. The spectral characteristic acquisition device accord-
ing to claim 1, wherein the base of the calibration color mark
member 1s metal.
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